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TOUCH SCREEN MEASUREMENT CIRCUIT AND METHOD 



BACKGROUND OF THE INVENTION 

S The invention relates to simplified resistive touch screen 

O systems including a resistive touch screen and an ADC (analog-to- 

ai5 digital converter) for digitizing x and y coordinates of touch 

points applied to the resistive touch screen, and to switch 
m circuitry that energizes such resistive touch screens; the 

J invention relates more particularly to circuitry and a method for 

S avoiding the effects of variations, especially thermal drift of 

10 the resistances of switches in the switching circuitry, on the 
calibration of the ADC to the touch screen. 

U. S. patent 5,717,321 (Kerth ec al . ) issued February 10, 
1998, is believed to constitute che closest prior art. The Kerth 
et al . patent acknowledges that there are two conventional 
15 techniques for energizing a resistive touch screen assembly 
(hereinafter "touch screen") , either by connecting a voltage 
source across the resistive touch screen or by forcing a current 
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through it. The Kerth et al . patent teaches (1) that applying a 
constant voltage across the resistive touch screen wastes power 
because typically there is a wide range in the resistivity of the 
resistor layers of a resistive touch screen; (2) that a class A 
5 driver is used which must be biased for the lowest acceptable 

resistance of the touch screen; and (3) that the resulting excess 
bias current above that required for touch screens that have 
higher resistance is wasted. 

To overcome these problems, Kerth et al . teach that it is 
%0 desirable to use feedback from the output of an ADC connected to 
i the touch screen to control a current DAC that supplies current 

f_ to energize the touch screen to cause a voltage across it to 

'O equal a desired reference voltage. 

Q Referring to Fig. 6 of patent 5,717,321 by Kerth et al . , if 

S.5 the stylus 71 is pressed on the upper surface of touch screen 70, 
" that brings the resulting "touch point" of a conductive sheet in 

contact with a resistive layer. The voltage of that touch point, 
and hence the voltage of the conductive sheet, represents the x 
or the y coordinate of the tip of the stylus. Thus, accurate 
20 position information for the point of contact can be obtained by 
measuring resistive voltage division levels along an x axis of an 
X resistive sheet and a y axis of a y resistive sheet, 
respectively, and converting such analog voltages to digital 
numbers which then represent the x and y coordinates of the 



present touch point (at which the tip of the stylus is pressed on 
the touch screen) . 



If the values of touch screen resistance, contact 
resistance, and/or switch resistance change, for example with 
5 respect to temperature, age, etc..., then the resistive divider 
output voltage produced at the touch point caused by the current 
It also changes. Therefore, the touch screen becomes 
"uncalibrated" relative to the analog- to-digital converter 78, 
which converts the analog voltage at the touch point to a digital 
3.0 number Dqut- 

±- The circuit shown in Fig. 6 of patent 5,717,321 attempts to 

deal with this problem by providing a switch 76 that connects the 
O -Vref terminal of analog- to-digital converter 78 to ground. A 

O switch 73 also is provided to connect the +Vrj.f terminal of 

5l5 analog-to-digital converter 78 to the output of current DAC 72 . 
" Current DAC 72 forces a current Ij through the "y" axis 

resistance of resistive sheet 74 of touch screen assembly 70. 
Switches 80 and 79 likewise "energize" resistive sheet 75 of 
touch screen 70. A complex feedback circuit controls the current 
20 output by current DAC 72. Note that the voltage produced at the 
output of current DAC 72 is a "floating" voltage that is not 
nearly as stable as the voltage that would be produced by a 
typical voltage reference circuit or a typical power supply. The 
Kerth et al . feedback arrangement substantially eliminates the 
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effect of variation of the switch resistances of switches 73 and 
76 (that are used to energize "y" resistive sheet 74 of touch 
screen 70) or 79 and 80 (that are used to energize "x" resistive 
sheet 75) on the full scale digital output number produced by 
5 analog-to-digital output 78. The feedback also eliminates the 

effects of variations in screen resistance and contact resistance 
on the full scale digital output number. 

However, the feedback arrangement of Kerth et al . fails to 
provide calibration or compensation of resistivity variations 
0 across the resistive sheets 74 and 75 that result in inaccurate 
midpoint output voltages thereof. The Kerth et al . feedback 
arrangement also fails to provide any compensation of digitizing 
errors due to thermal drift in the current DAC 72 . 
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SUMMARY OF THE INVENTION 



Accordingly, it is an object of the invention to provide a 
simple, inexpensive touch screen digitizing system in which a 
maximum or "full scale" analog input produced by a touch screen 
5 is calibrated to the full scale digital output of an analog-to- 
digital converter irrespective of thermal drift in resistances of 
switches coupling the touch screen to the analog- to-digital 
converter . 

1 It is another object of the invention to provide a touch 

io screen digitizing system of the type described in which the touch 

= screen produces an analog signal having a large dynamic range. 

5 It is another object of the invention to eliminate the 

3 effect of thermal drift in the resistances of switches coupling a 

^ touch screen to reference voltage inputs of an analog- to-digital 

Ib converter on a full scale digital output produced by the analog- 
to-digital converter in response to a "full scale" touch point of 
the touch screen. 

It is another object of the invention to provide a touch 
screen digitizing system which avoids inaccuracies that would be 
20 caused by thermal drift of a current DAC in a feedback system of 
the type in Fig. 6 in patent 5,717,321 by Kerth et al . 
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It is another object of the invention to generate a ratio 
metric touch screen touch point measurement value that is 
insensitive to touch screen resistance changes, voltage supply 
changes, and/or reference voltage changes. 

Briefly described, and in accordance with one embodiment 
thereof, the invention provides a touch screen digitizing system 
including a touch screen unit including a first resistive sheet 
with opposed x+ and x- terminals and a second resistive sheet 
with opposed y+ and y- terminals, and an analog- to-digital 
converter having first and second reference input terminals. A 
first switch is coupled between a first reference voltage and the 
X- terminal, and a second switch is coupled between the x+ 
terminal and a second reference voltage for energizing the first 
resistive sheet. A third switch is coupled between the first 
reference voltage and the y- terminal, and a fourth switch is 
coupled between the y+ terminal and the second reference voltage 
for energizing the second resistive sheet. Switching circuitry 
couples an input of the analog- to-digital converter to the y+ 
terminal while the first resistive sheet is energized and the 
second resistive sheet is not energized, and also couples the 
input to the x+ terminal while the second resistive sheet is 
energized and the first resistive sheet is not energized. The 
first and third switches are N-channel MOS transistors, and the 
second and fourth switches are P- channel MOS transistors. A 
microprocessor generates control signals that are respectively 



applied to the various gate electrodes of the P-channel 
transistors and the N-channel transistors and to the switching 
circuitry and to a convert input of the analog- to-digital 
converter . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic diagram of a preferred embodiment of 
the invention. 

Fig. 2 is a block diagram of the ADC 22 in Fig. 1. 

Fig. 3 is an equivalent circuit of the touch screen system 
of Fig. 1 during digitizing of the x coordinate of a touch point 

Fig. 4 is an equivalent circuit of the touch screen system 
of Fig. 1 during digitizing of a y coordinate of a touch point. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1, touch screen digitizing system 1 
includes a conventional analog resistive touch screen assembly 2 
(hereinafter, "touch screen 2") including a resistive "x sheet" 
5 3 0 having an x+ terminal connected at contact 5 0 to conductor 24 
and an x- terminal connected at contact 51 to conductor 27. 
Touch screen 2 also includes a resistive "y sheet" 31 parallel to 
X sheet 30. Resistive y sheet 31 has a y+ terminal connected at 
contact 52 to conductor 2 6 and a y- terminal connected at contact 
flo 53 to conductor 25. The x axis of x sheet 30 is orthogonal to 

the y axis of y sheet 31. Although x sheet 30 and y sheet 31 are 
f of uniform resistivity, two resistances R^i and R^, shown to 

=0 represent the portions of the resistance of x sheet 3 0 on the 

U left side and right side, respectively, of any "touch point" Q at 

35 which the pressure of a stylus or the like causes x sheet 30 to 
J touch y sheet 31. Similarly, Ryi and Ry2 represent the portions 

of the resistance of y sheet 31 above and below touch point Q, 
respectively . 

The point 50 at which the left edge of sheet 3 0 makes 
20 electrical connection to conductor 24 has a contact resistance 

that can be substantially larger than the "on" channel resistance 
of MOS transistor 18. Similarly, substantial contact resistances 
are associated with contacts 51, 52, and 53 shown in Fig. 1. 
These contact resistances and variations therein prevent the full 
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scale analog output voltages resulting from touch points Q 
located at maximum x and y coordinates of sheets 30 and 31 from 
being applied to the +REF and -REF inputs of ADC 22. 

Touch screen 2 also is coupled to an interrupt conductor of 
5 an external microprocessor 45 by any of a variety of interrupt 
circuits that can easily be supplied by one skilled in the art. 
An initial touching to touch screen 2 thereby causes 
microprocessor 45 to generate a serial control data word CONTROL 
□ DATA that is applied to a D,^- input of a control circuit 41 that 

lo preferably is integrated on the same chip as ADC 22. In 
i response, control circuit 41 generates the necessary switch 

1 control voltages VG,,,,,,,o.2i etc. and a CONVERT signal on various 
^ conductors 42, respectively, as needed to cause an ADC 22 to 

2 digitize the x coordinate x, or the y coordinate y^ of the present 
fs touch point Q. (Alternatively, these signals could be generated 
h directly by microprocessor 45.) For example, a first serial data 

word can cause control circuit 41 to produce the necessary 
control signals on bus 42 to approximately power the system up; a 
second data word can cause control circuit 41 to generate the 
20 control signals needed to produce a "scan x" operation, a third 
data word can cause a "scan y" operation to be produced. A 
fourth data word can cause a power down operation to be produced 
after all touch points produced on touch screen 2 by a stylus tip 
within a predetermined interval have been digitized. 
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X+ conductor 24 also is connected to the drain of a P- 
channel MOS transistor 18, the source of which is connected to 
+Vcc. A control voltage produced by control circuit 41 is 
applied to the gate of transistor 18. The x- terminal of x sheet 
30 is connected by conductor 27 to the drain of an N-channel MOS 
transistor 19, the source of which is connected to ground. A 
control voltage Vgi9 generated by control circuit 41 is connected 
to the gate of transistor 19. 

Similarly, y+ conductor 26 is connected to the drain of P- 
channel MOS transistor 20, the source of which is connected to 
+Vcc. A control voltage Vq^o produced by control circuit 41 is 
applied to the gate of transistor 20. Y- conductor 25 is 
connected to the drain of N-channel MOS transistor 21, the source 
of which is connected to ground. A control voltage ¥^21 generated 
by control circuit 41 is applied to the gate of transistor 21. 

ADC 22 can be a 12 -bit sampling ADC with a synchronous 
serial interface. The portion of the touch screen digitizing 
system illustrated in Fig. 1 exclusive of the analog resistive 
touch screen 2 and external microprocessor 45 is embodied in the 
assignee's recently introduced ADS7843, in which the ADC 22 is a 
conventional successive approximation register (SAR) analog-to- 
digital converter having a CDAC architecture that inherently 
includes a sample/hold function. Fig. 2 shows a block diagram of 
ADC 22, which includes a CDAC (capacitor digital-to-analog 



converter) having its differential outputs connected to the 
inputs of a comparator. The output of the comparator is loaded 
into a successive approximation register (SAR) . The CDAC 
switches are controlled in response to a CONVERT signal generated 
by control circuit 41. More details of a typical CDAC ADC are 
disclosed in commonly assigned patent 5,581,254 by co- inventor 
Bernd M. Rundel, issued December 3, 1996 and commonly assigned 
patent application Serial No. 08/942,800 by Bernd M. Rundel, 
filed October 2, 1997 and entitled "FAST WAKEUP BIASING CIRCUIT 
FOR ANALOG- TO -DIGITAL CONVERTER", both incorporated herein by 
reference . 

Referring to Fig. 1, ADC 22 has positive and negative 
reference inputs +REF and -REF that determine the range, and 
hence the full scale digital value, of output Dour- The +REF 
input is connected by conductor 3 5 to one terminal of a switch 15 
that can connect conductor 35 to either x+ conductor 24 or y+ 
conductor 26. The -REF terminal of ADC 22 is connected by 
conductor 3 6 to one terminal of switch 17, which can connect 
conductor 36 to either x- terminal 27 or y- terminal 25. 
Switches 15, 16 and 17 are connected in response to control 
voltages V15, Vi^ and V17 produced by control circuit 41. The -IN 
input of ADC 22 is connected to its -REF input by conductor 36. 
The +IN input of ADC 22 is connected by conductor 14 to one 
terminal of switch 16. Switch 16 can connect conductor 14 to x+ 
conductor 24 or y+ conductor 26 in response to control voltage 
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Vis- 
as indicated earlier, if no one has recently touched touch 
screen 2, the system 1 becomes inactive. In the inactive 
condition, transistor 21 is on and transistors 18, 19 and 20 are 
off, so neither x sheet 30 or y sheet 31 is energized. If a user 
touches any point on sheet 30, that touch point makes electrical 
contact with a corresponding point of y sheet 31. In response, 
the interrupt circuitry produces the interrupt signal and applies 
it to an IRQ input of microprocessor 45. 

This causes microprocessor 5 to generate the above mentioned 
serial control word CONTROL DATA and input it to the D,f,- input of 
control circuit 41, causing it to generate the necessary control 
signals to execute the above mentioned "scan x" routine by 
setting to ground and setting to +Vcc (typically +5 

volts) ; this turns transistors 18 and 19 on and energizes x sheet 
3 0 by applying +Vcc volts across the series connection of 
transistor 18, contact resistance 50, x sheet resistance R^i+R^i- 
contact resistance 51 and transistor 19. The x scan routine also 
turns transistor 21 off and connects y+ conductor 26 to the +IN 
input of ADC 22 by causing switch 16 to connect conductor 14 to 
y+ conductor 26. No DC current flows into the high DC input 
impedance of the +IN terminal of ADC 22, so no current flows 
through conductor 25 or resistance Ry2 • The voltage applied to 
the +IN input therefore is exactly equal to the voltage at the 



touch point Q at the location at which x sheet 30 contacts y 
sheet 31. 

Microprocessor 45 generates a CONVERT input to ADC 22, 
causing it to automatically perform its successive approximation 
procedure to digitize the value of x,, which is the x coordinate 
of the present touch point Q. 

Fig. 3 shows a simplified equivalent circuit of Fig. 1 
during the scan x routine. The full supply voltage +Vcc volts is 
divided across the series connection of the channel resistance of 
transistor 18, the x sheet resistance R^.+Ki, and the channel 
resistance of transistor 19. With x sheet 30 energized, the 
portion of the voltage drop between x+ terminal 24 and x- 
terminal 2 7 is applied between the +REF and -REF reference 
terminals of ADC 22. 

Consequently, the full scale analog input voltage of x sheet 
30, which is the total voltage drop across its total resistance 
R^,+R,2, including the contact resistances of contact points 50 and 
51, is automatically calibrated to the full scale value of Dqut 
determined by the voltage difference between the +REF and -REF 
terminals of ADC 22. This is the case even though (1) the total 
resistance of x sheet 30 varies widely (e.g., from roughly 300 
ohms to 2000 ohms) as a result of manufacturing variations and 
temperature variations, and (2) the channel resistances of 
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transistors 18 and 19 also vary widely (e.g., from roughly 5 to 
50 ohms) and even though thermal drift of the channel resistances 
of transistors 18 and 19 is much different than the thermal drift 
of X sheet 30. 

At this point, it should be noted that the advantages 
disclosed in the Kerth et al . reference of continuous self- 
calibration to compensate for all changes in resistance of the 
resistive touch screen and associated switches by the complex 
feedback system are not obtained with the present invention. 
However, as a practical matter, most manufacturers of touch 
screen digitizing systems provide an initial software calibration 
procedure by a microprocessor after power-up (such as 
microprocessor 45 of Fig. 1). The software calibration procedure 
requires the user to sequentially touch several permanently 
marked points at known locations of the touch screen at 
diagonally opposite corners and also at a midpoint of the touch 
screen. The actual locations of these known points then are 
compared with the digitized values of the touch points at those 
locations to obtain correction factors which then are used to 
digitize all subsequent touch points during the present use, to 
fully correct errors due to the screen contact resistors 50, 51, 
52 and 53 and the variations in the resistances of sheets 3 0 and 
31. In accordance with the present invention, microprocessor 45 
of Fig. 1 executes such a calibration program. 
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The complex feedback system of Kerth et al . is not needed in 
a touch screen digitizing system that includes such a software 
self -calibration program. The high cost and complexity of the 
feedback-controlled current source circuit described in the Kerth 
et al. patent are probably the reasons why no one, including the 
assignee of the Kerth et al . patent, has ever commercially 
introduced a product using this technique. 

After control circuit 41 has completed the "x scan" routine, 
and before the present touch point Q is either moved by advancing 
the depressed curser tip or eliminated by lifting the curser from 
X sheet 30, control circuit 41 executes a "y scan" routine which 
is similar to the x scan routine, except that y sheet 31 is 
energized instead of x sheet 30. 

Fig. 4 shows a simplified equivalent circuit of Fig. 1 
during the y scan routine. Transistors 18 and 19 are turned off 
and transistors 20 and 21 are turned on, actuating switches 12 
and 15 to connect the +REF terminal of ADC 22 to y+ conductor 26, 
actuating switches 17 and 13 to connect y- conductor 25 to the 
-REF terminal of ADC 22, and actuating switch 16 to connect the 
+IN input of ADC 22 to x+ conductor 24. Control circuit 41 then 
generates another CONVERT signal to cause ADC 22 to digitize the 
y^ coordinate of the present touch point Q, which is represented 
by the voltage vision across resistances Ryi and Ry. producing the 
voltage representing Yq. 



Thus, in accordance with the present invention, a simplified 
arrangement is provided wherein no feedback from Dqux is provided 
to the touch screen. The +Vrep and -Vrep terminals of the analog- 
to-digital converter are directly connected across the total 
5 resistance of the resistive x sheet or y sheet, so any variation, 
especially thermal drift, in the channel resistances of the 
switch transistors has no effect on the calibration of the full- 
scale output of the analog- to-digital converter to the full-scale 
analog output of the touch screen. The typically used software 
iJO self -calibration of the marked points on the sheets 30 and 31 
g eliminates errors due to contact resistances and non-linearities 

=5 of the resistances of sheets 30 and 31. Consequently, very 

:JJ accurate digitizing of touch points is obtained whether or not 

''^ the complex and costly feedback system of Kerth et al . is used. 

y.5 Therefore, the present invention provides more accurate 

iO digitization of touch points Q on touch screen 2 at a 

substantially lower cost than if the Kerth et al . current 
feedback system is used, because (1) the complex and costly 
feedback system of the Kerth et al . reference is eliminated, (2) 
20 thermal drift of the current DAC of the Kerth et al . reference is 
eliminated, and (3) the end user's software self -calibration 
program in microprocessor 45 results in calibrations of touch 
points across the touch screen, not just at the maximum x^ and y^ 
points . 



17 



while the invention has been described with reference to 
several particular embodiments thereof, those skilled in the art 
will be able to make the various modifications to the described 
embodiments of the invention without departing from the true 
spirit and scope of the invention. It is intended that all 
elements or steps which are insubstantially different or perform 
substantially the same function in substantially the same way to 
achieve the same result as what is claimed are within the scope 
of the invention. For example, a third conductive sheet which is 
coupled only to conductor 14 could be used to apply the touch 
point voltages on both the x and y resistive sheets to ADC 22. 
Also, circular (rather than rectangular) resistive sheets could 
be used to convert the touch points to polar coordinates. 
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WHAT IS CLAIMED IS 



1 1. A touch screen digitizing system including a touch 

2 screen unit including a first resistive sheet with opposed first 

3 and second terminals and a second resistive sheet with opposed 

4 third and fourth terminals, and an analog- to-digital converter 

5 having first and second reference input terminals, the 

6 improvement comprising in combination: 

(a) a first switch coupled between a first reference 

ft voltage and the second terminal, and a second switch coupled 

% between the first terminal and a second reference voltage for 

ft energizing the first resistive sheet; 

p;^ (b) a third switch coupled between the first reference 

i voltage and the fourth terminal, and a fourth switch coupled 

& between the third terminal and the second reference voltage for 

14 energizing the second resistive sheet; and 

15 (c) switching circuitry for coupling an input of the 

16 analog-to-digital converter to the third terminal while the first 

17 resistive sheet is energized and the second resistive sheet is 

18 not energized, and for coupling the input to the first terminal 

19 while the second resistive sheet is energized and the first 

20 resistive sheet is not energized. 
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1 2. A method of operating a touch screen digitizing system 

2 including a touch screen unit including a first resistive sheet 

3 with opposed first and second terminals and a second resistive 

4 sheet with opposed third and fourth terminals and an analog-to- 

5 digital converter having first and second reference input 

6 terminals to provide full-scale calibration of the digital output 

7 of the digital-to-analog converter to the full-scale analog 

8 outputs of the first and second resistive sheets irrespective of 

9 sharp variations in the resistances of the first and second 

343 resistive sheets and associated switches, the method comprising: 

fil (a) coupling a first switch between a first reference 

fc voltage and the second terminal, and coupling a second switch 

fo between the first terminal and a second reference voltage when 

m energizing the first resistive sheet and coupling a third switch 

m between the first reference voltage and the fourth terminal, and 

Se coupling a fourth switch between the third terminal and the 

"17 second reference voltage when energizing the second resistive 

18 sheet; and 

19 (b) connecting an input of the analog- to-digital 

20 converter to the third terminal while the first resistive sheet 

21 is energized and the second resistive sheet is not energized, and 

22 connecting the input to the first terminal while the second 

23 resistive sheet is energized and the first resistive sheet is not 

24 energized. 
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1 3. A touch screen digitizing system including a touch 

2 screen unit including a first resistive sheet with opposed x+ and 

3 X- terminals and a second resistive sheet with opposed y+ and y- 

4 terminals, and an analog- to-digital converter having first and 

5 second reference input terminals, the improvement comprising in 

6 combination: 

7 (a) a first switch coupled between a first reference 

8 voltage and the x- terminal, and a second switch coupled between 
the x+ terminal and a second reference voltage for energizing the 
first resistive sheet; 

ft. (b) a third switch coupled between the first reference 

tffe voltage and the y- terminal, and a fourth switch coupled between 

m the y+ terminal and the second reference voltage for energizing 

:p4 the second resistive sheet; and 

Y5 (c) switching circuitry for coupling an input of the 

16 analog-to-digital converter to the y+ terminal while the first 

17 resistive sheet is energized and the second resistive sheet is 

18 not energized, and for coupling the input to the x+ terminal 

19 while the second resistive sheet is energized and the first 

20 resistive sheet is not energized. 
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4. The touch screen digitizing system of Claim 3 wherein 
the first and third switches are N-channel MOS transistors, and 
the second and fourth switches are P-channel MOS transistors. 



1 5. The touch screen system of Claim 4 wherein each of the 

2 N-channel transistors and each of the P-channel transistors has 

3 an on channel resistance in the range of 5 to 50 ohms, and each 
._^4 of the first and second resistive sheets has a resistance in the 
£5 range from 300 to 2000 ohms. 

01 6. The touch screen system of Claim 5 including a 

02 microprocessor and circuitry responsive to an initial touching of 
53 the touch screen unit to generate control information 

"^4 representative of control signals to be respectively applied to 

5 the various gate electrodes of the P-channel transistors and the 

6 N-channel transistors and to the switching circuitry and to a 

7 convert input of the analog- to-digital converter. 
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1 7. The touch screen system of Claim 6 including a control 

2 circuit coupled to receive the control information and, in 

3 response thereto, generate the control signals and a convert 

4 signal to be applied to the convert input. 

1 8. The touch screen system of Claim 7 wherein the analog- 

.^2 to-digital converter is a successive approximation analog-to- 

£3 digital converter including a CDAC, a comparator coupled to an 

54 output of the CDAC, and a successive approximation register. 

Ql 9. A method of operating a touch screen digitizing system 

^2 including a touch screen unit including a first resistive sheet 

■""S with opposed x+ and x- terminals and a second resistive sheet 

4 with opposed y+ and y- terminals and an analog- to-digital 

5 converter having first and second reference input terminals to 

6 provide full-scale calibration of the digital output of the 

7 digital-to-analog converter to the full-scale analog outputs of 

8 the first and second resistive sheets irrespective of sharp 

9 variations in the resistances of the first and second resistive 
10 sheets and associated switches, the method comprising: 
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I'l (a) coupling a first switch between a first reference 

12 voltage and the x- terminal, and coupling a second switch between 

13 the x+ terminal and a second reference voltage when energizing 

14 the first resistive sheet and coupling a third switch between the 

15 first reference voltage and the y- terminal, and coupling a 

16 fourth switch between the y+ terminal and the second reference 

17 voltage when energizing the second resistive sheet; and 

18 (b) connecting an input of the analog- to-digital 

19 converter to the y+ terminal while the first resistive sheet is 
energized and the second resistive sheet is not energized, and 

Wl connecting the input to the x+ terminal while the second 

§2 resistive sheet is energized and the first resistive sheet is not 

CG energized. 
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ABSTRACT 



A touch screen digitizing system includes a touch screen 
unit including a first resistive sheet with opposed x+ and x- 
terminals and a second resistive sheet with opposed y+ and y- 
terminals, and an ADC having first and second reference input 
terminals. A first switch is coupled between a first reference 
voltage and the x- terminal, and a second switch is coupled 
between the x+ terminal and a second reference voltage for 
energizing the first resistive sheet. A third switch is coupled 
between the first reference voltage and the y- terminal, and a 
fourth switch is coupled between the y+ terminal and the second 
reference voltage for energizing the second resistive sheet. 
Switching circuitry couples an input of the ADC to the y+ 
terminal while the first resistive sheet is energized and the 
second resistive sheet is not energized, and also couples the 
input to the x+ terminal while the second resistive sheet is 
energized and the first resistive sheet is not energized. The 
structure provides continuous calibration of the full-scale 
analog touch screen output of the full-scale digital output of 
the ADC irrespective of sharply different variations in 
resistances of the switches and resistive sheets. 
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Docket No. 
0437-A-212 



DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next 
to my name . 

I believe I am the original, first and sole inventor (if only one name is 
listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed in an application 
entitled "TOUCH SCREEN MEASUREMENT CIRCUIT AND METHOD" the specification 

of which [X] is attached hereto. [ ] was filed on 

and assigned Application Serial No. and was amended on , 

I hereby state that I have reviewed and understand the contents of the 
above- identified specification, including the claims, as amended by any 
amendment referred to above . 

acknowledge the duty to disclose to the Patent Office all information 
gknown to me to be material to patentability as defined in Title 37, Code of 
.^Federal Regulations, Section §1.56. 

hereby claim foreign priority benefits under Title 35, United States Code 
^Section 119 of any foreign application (s) for patent or inventor's 
=^certif icate listed below and have also identified below any foreign 
-application for patent or inventor's certificate having a filing date 
IL^before that of the application on which priority is claimed: 

Prior Foreign Application (s) 

O Priority Claimed 

f [ ] [ ] 

yj (Number) (Country) (Day Month Year filed) Yes No 

[ ] [ ] 

- (Number) (Country) (Day Month Year filed) Yes No 

I hereby declare that all statements made herein of my own knowledge are 
* true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 

And I hereby appoint : 

Charles R. Hoffman, Reg. No. 26,556; William C. Cahill, 
Reg. No. 19,742; C. Robert von Hellens, Reg. No. 25,714; 
Marvin A. Glazer, Reg. No. 28,801; and Thomas G. Watkins, III, 
Reg. No. 2 7,964; 
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my' attorneys with full power of substitution and revocation, to prosecute 
this application and to transact all business in the Patent and Trademark 
Office connected therewith. 



Address all telephone calls to: Charles R. Hoffman 
Address all correspondence to: 



(602) 956-7000 



CAHILL, SUTTON & THOMAS P.L.C., ATTN: Charles R. Hoffman 

2141 East Highland Avenue, 155 Park One, Phoenix, Arizona 85016 

Wherefore I pray that Letters Patent be granted to me for the invention or 
discovery described and claimed in the above- identified patent application. 



Full name of sole 

or first inventor; 
^Residence 



Timothy V. Kalthoff 
11141 E. Escalante Road 
Tucson, Arizona 8573 0 



^Post Office Address 
=^Citizenship : 



Same 
U.S.A. 



ilnventor's signature 




Date 



Full name of second 

joint inventor (if any) 
Residence : 



Bernd M. Rundel 

3240 E. Calle Dela Punta 

Tucson, Arizona 85718 



Post Office Address 
Citizenship : 



Same 
Germany 
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